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http://www.ijehse.com/content/11/1/31RESEARCH ARTICLE Open AccessDecolorization and COD removal from real textile
wastewater by chemical and electrochemical
Fenton processes: a comparative study
Akbar Eslami1, Mahsa Moradi1, Farshid Ghanbari2* and Fayyaz Mehdipour1Abstract
Background: Due to the presence of non-biodegradable and toxic compounds, textile wastewater is difficult to
treat by conventional methods. In the present study, Electrochemical Fenton (EF) and Chemical Fenton (CF)
processes were studied and compared for the treatment of real textile wastewater. The effects of electrical current,
ferrous ion, hydrogen peroxide concentration and reaction time on the removal efficiencies of COD and color were
investigated. All the experiments were carried out at pH = 3.
Results: Both EF and CF processes were mostly efficient within hydrogen peroxide concentration of 1978 mg/L
(H2O2: COD ~ 1.1). The highest COD and color removal efficiencies were 70.6% and 72.9% respectively which were
obtained through the EF process in 350 mA electrical current, 1978 mg/L hydrogen peroxide and 60 minutes
reaction time. Furthermore, the operational costs of EF and CF processes were 17.56 and 8.6 US$ per kilogram of
the removed COD respectively.
Conclusion: It was concluded that the electrochemical Fenton process was more efficient than the chemical
Fenton process in the degradation of textile wastewater. Likewise, Although EF process imposed higher operational
costs than the CF; it dramatically decreased the reaction time to gain the highest degradation efficiency.
Keywords: Chemical Fenton, Decolorization, Electrochemical Fenton, Textile wastewaterIntroduction
Textile industry is one of the largest consumers of water
(800–1000 m3/ton), and consequently, one of the largest
producers of wastewater among all industries [1,2]. Textile
wastewater from dyeing and finishing processes has
been a serious environmental threat for years [3]. This
wastewater, with a Chemical Oxygen Demand (COD)
concentration exceeding 1600 mg/L and a strong dark
color, is classified as a high strength wastewater [4]. More-
over, textile wastewaters exhibit low BOD to COD ratios
(< 0.1) indicating their non-biodegradable nature [5]. The
discharge of this type of wastewater without any treatment
brings about considerable adverse impacts on the recei-
ving water bodies crying out for an efficient treatment
process [2]. Textile wastewater is usually treated by con-
ventional methods such as biological oxidation [3,6],* Correspondence: Ghanbari.env@gmail.com
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reproduction in any medium, provided the orchemical coagulation and activated carbon adsorption [3].
However, these conventional methods suffer from a few
limitations or drawbacks related to cost, efficiency and
sludge generation [6]. The limitations of conventional
methods can be overcome by the Advanced Oxidation
Processes (AOPs). AOPs are promising alternatives which
can produce hydroxyl radicals (•OH) and have been
proven to be an efficient method for the degradation of
the dyes and refractory pollutants [7,8]. The hydroxyl
radical is a nonselective and extremely powerful oxidant
that rate constants with organic matters fall in to a range
of 109 - 1010 M-1S-1 [9-11]. Among the AOPs, Chemical
Fenton (CF) process is particularly attractive for its simpli-
city without requirement for special equipment [12] and
also for its ability in partial mineralization, lowering
toxicity, and increasing wastewater susceptibility to bio-
degradation [13]. During CF process, ferrous ion reacts with
hydrogen peroxide to generate the hydroxyl radical at low
pH [14-16]:Ltd. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
Figure 1 Scheme of the EF experimental setup.
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CF process essentially depends on pH, temperature,
hydrogen peroxide and ferrous ion concentrations and
chemical structure of the organic compounds [17]. In re-
cent years, there has also been an increasing interest in the
use of electrochemical methods for the destruction of toxic
and biorefractory organic pollutants [18]. Electrochemical
methods are environmental-friendly technologies in envi-
ronmental remediation as the main reagent used is elec-
tron, which is a clean reagent and therefore there is no
need for adding reagent [19].
Nowadays, amongst hybrid processes, electrochemical
Fenton, photo-Fenton, and sono-Fenton processes are
mostly applied to increase the efficiency of Fenton process
[20,21]. Particularly, electrochemical Fenton process has
been studied by Kurt et al. (2007) and Atmaca (2009) for
treatment of tannery wastewater and landfill leachate
respectively achieving considerably good results [20,22].
Electrochemical Fenton (EF) processes include electro-
chemical reactions that generate one or both of the
Fenton's reagents in situ. In the present study, within
EF process, ferrous ion was generated by sacrificial
anode (Iron) and H2O2 was introduced from out site. In
this type of EF process, ferrous ion is generated continu-
ously in the electrochemical cell that is also responsible
for electrochemical coagulation of organic matters [22,23]:
Fe sð Þ→Fe2þ aqð Þ þ 2e− ð2Þ
Most of the previous researches have been focused on
the electrocoagulation and Fenton oxidation separately
[2,4]. Also, there have not been wide studies which
compare Fenton process with electrochemical Fenton
process on the real textile wastewater and most studies
were carried out on synthetic dyes as simple model of
simulated textile wastewater [7,12]. The decolorization
and COD removal from the real textile wastewater by
CF and EF processes have not been studied in the li-
teratures as a comparative study.
The aim of the present work was mainly to investigate
the efficiency of the electrochemical Fenton and chem-
ical Fenton processes for the removal of color and COD
from a real textile wastewater. Besides, a comparison of
the two mentioned processes was made considering
their degradation efficiencies, the experimental con-
ditions in which the processes had their highest efficien-
cies and their operational costs.
Materials and methods
Chemicals and reagents
Real textile wastewater sample, whose characteristics are
illustrated in Table 1, was obtained from a textile plant
located in Zanjan, Iran. The sample was kept in a dark
container with a constant temperature of 4°C, withoutadding any chemical. Hydrogen peroxide (35%, w:w), iron
(II) sulfate heptahydrate (FeSO4.7H2O), sulfuric acid and
sodium hydroxide were purchased from Merck. In addition,
potassium dichromate, silver sulfate and mercury sulfate
were supplied from Fluka, Sigma Aldrich and Acros
organics respectively.Experimental apparatus
The experimental setup is schematically shown in
Figure 1. Electrochemical Fenton process consisted of an
undivided reactor, with a volume of 250 ml, containing
200 ml sample. A magnetic stirrer was used to provide suf-
ficient mixing inside the reactor. A pair of iron electrodes,
having a dimension of 10 × 4 × 0.1 cm, with a distance
of 3 cm, was applied as anode and cathode connecting
to a digital DC power supply (Zhaoxin, 0.00-5 A, and
0.0-60 V). The total effective surface area of the electrodes
was 40 cm2.
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Electrochemical Fenton process
The experiments were carried out at room temperature.
As the optimal pH value recognized for the Fenton oxida-
tion is around 3, the initial pH of the solution was ad-
justed to 3 by adding appropriate amount of sulfuric acid
[17]. Then in each run of the experiments, hydrogen per-
oxide in different concentrations was applied dropwise
with the electrical currents of 150, 250, 350 and 450 mA
for each of the concentrations. Samples were taken in
each reaction time as the process was terminated by turn-
ing the DC power supply off. In the next step, for the for-
mation of Fe(OH)3, pH of the solution was adjusted to 9
by adding 4 N NaOH and was allowed to settle for 1 hour.
Then the supernatant was withdrawn, heated in a 50°C
water bath for 30 minutes to remove any residual hydro-
gen peroxide from the solution [24] and filtered through
0.45 μm.
Chemical Fenton process
CF experiments were performed with the same laboratory-
made apparatus used for the EF process, except the iron
electrodes and DC power supply. Adjusting the pH to 3, in
order to add ferrous ion, FeSO4.7H2O was used in concen-
trations of 50, 150, 250, 350 mg/L Fe2+.
Analytical methods
The pH value was measured by a pH meter (WTW 720).
A conductivity meter (HACH) was used to determine EC.
Likewise, the color values were obtained by the ADMI tri-
stimulus filter method via a HACH spectrophotometer
UV–vis DR 5000 [25]. COD measurements were carried
out using high range COD ampoules (HACH Chemical)
with a spectrophotometer (DR 5000, HACH). The con-
centrations of other parameters of the wastewater were
measured according to the standard methods [25]. Per-
centage of decolorization was calculated as follows:




Where ADMI0 and ADMI stand for the initial and
final color of the solution respectively.
Results
Electrochemical Fenton process
Effect of electrical current
In order to investigate the optimum applied current of
the process, various electrical currents ranging from 150
to 450 mA were tested and the corresponded effects on
COD removal and decolorization were studied. The
results are depicted in Figures 2 and 3.Effect of H2O2 concentration
The effect of hydrogen peroxide concentration on the
removal of COD and color was investigated and the
results are illustrated in Figures 4 and 5.
Chemical Fenton process
The effect of hydrogen peroxide and ferrous ion ratio
within various oxidation times on COD removal and
decolorization are evaluated and the results are demon-
strated in Figures 6 and 7 respectively. The concentrations
of hydrogen peroxide applied for the CF process are the
same as that of the EF process.
Comparison of electrochemical Fenton and chemical Fenton
processes
Electrochemical Fenton and chemical Fenton processes
were compared based on their efficiencies and ope-
rational costs and the results are illustrated in Figures 8.
Discussion
Effect of electrical current
One of the critical parameters in the electrochemical pro-
cesses is the electrical current which is responsible for
the generation of metal ions within the electrochemical
cell. This parameter directly determines the extent of an-
odic dissolution of iron electrode. In fact, in addition to
electrolysis, applied current plays the role of ferrous ion
as a catalyst in the electrochemical Fenton process. The
correlations of COD removal and decolorization with the
applied current are illustrated in Figures 2 and 3. Figure 2
demonstrates COD and color removal within 1483 mg/L
of H2O2 when applied current was varied from 150 to
450 mA. As the applied current increased from 150 to
450 mA, the percentages of decolorization in 30 minutes
are 54.6%, 59.8%, 64.5%, and 66.4%, respectively. It was
found that removal efficiencies of color and COD were
increased with increasing electrical current. This increase
is due to that the higher the applied current is, the more
ferrous ion can be generated in EF process which in turn,
increases the generation of hydroxyl radical. According
to Figure 2, in 150 mA and 250 mA, COD removal as a
function of time has an upward trend whereas in higher
electrical currents (350 mA and 450 mA), this trend de-
creases slightly after the 45th minute. Similar with the
electro Fenton process studied by Atmaca, this decline in
efficiency might be due to the gradual dissolution of
adsorbed organics from Fe(OH)n flocs prior to the sam-
pling [22]. Figure 3 depicts the efficiencies of COD and
color removal in hydrogen peroxide concentration of
2472 mg/L. Generally, by increasing the reaction time,
removal efficiencies are promoted; nevertheless, within
350 mA and 450 mA, after 45 minutes of reaction time,
there are unexpected fallings in the efficiencies which the
reasons were discussed previously. In conformity with
Figure 2 Effects of electrical current and reaction time on the efficiencies of COD removal and decolorization; ;H2O2 = 1483 mg/L, pH = 3.
Eslami et al. Journal of Environmental Health Sciences & Engineering 2013, 11:31 Page 4 of 8
http://www.ijehse.com/content/11/1/31literatures, the maximum color removal efficiency can be
achieved in a certain ratio of Fe2+ (relevant to the elec-
trical current) and H2O2 concentrations [10].
Effect of hydrogen peroxide concentration
The H2O2 concentrations were selected based on stoi-
chiometric weight ratio of the hydrogen peroxide and
COD in condition of complete oxidation of COD (R =
H2O2/COD = 2.125) [20]. The selected H2O2 concentra-
tions including 989, 1483, 1978 and 2472 have weight
ratios of 0.55, 0.82, 1.1 and 1.37 respectively. AccordingFigure 3 Effects of electrical current and reaction time on the efficiencto Figure 4, which is corresponded to 150 mA electrical
current and different concentrations of hydrogen pero-
xide ranging from 989 to 2472, COD and color removal
diagrams versus time have rising trends. Regarding to
the Fenton's reaction, the concentration of hydroxyl ra-
dical is assumed to increase with increasing H2O2 con-
centration [9,26]; but up to a certain amount which
endorses the fall of degradation efficiency after increa-
sing the hydrogen peroxide concentration to 2472 mg/L.
The highest efficiency was obtained in 1978 mg/L hydro-
gen peroxide. A sufficient amount of hydrogen peroxideies of COD removal and decolorization; H2O2 = 2472 mg/L, pH = 3.
Figure 4 Effects of hydrogen peroxide concentration and reaction time on COD and color removal efficiencies; electrical current:
150 mA, pH = 3.
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desirable intermediates, which is frequently encountered
as a major problem during colored wastewater treatment.
As shown in Figure 5, by applying 350 mA electrical
current, COD removal and decolorization are improved
by increasing the reaction time. Nevertheless, removals
of these parameters fall down after 45 minutes. However,
these deficiencies in removal do not occur for the sets of
experiments that were held within 1978 mg/L hydrogen
peroxide. The mentioned decrease might be regarded toFigure 5 Effects of hydrogen peroxide concentration and reaction tim
350 mA, pH = 3.the following reasons: As the reaction time increases, the
hydrogen peroxide is self-decomposed according to
(eq. 4). Moreover, hydrogen peroxide reacts with hy-
droxyl radicals and acts as scavenger for the hydroxyl
radical to produce hydroperoxyl radical which is of less
reactivity in comparison with •OH (eq. 5) [14,26]. It is
also hypothesized that hydrogen peroxide may be decom-
posed by the electrolysis within high electrical currents.
In 1978 mg/L H2O2 (R = 1.1), the optimal balance of
H2O2 concentration and electrical current (representinge on COD and color removal efficiencies; electrical current:
Figure 6 Effects of H2O2:Fe
2+ and reaction time on COD removal efficiency within CF process (pH = 3).
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maximum removal efficiencies of 72.9% and 70.6% were
obtained for color and COD in conditions of 350 mA
(theoretical amount of 1.8 g/L Fe2+ based on Faraday's
law) [4], 1978 mg/L hydrogen peroxide and 60 minutes
reaction time.
H2O2 þH2O2→4Hþ þ 2O2 þ 4e− ð4Þ
H2O2þ•OH→HO•2 þH2O ð5Þ
Chemical Fenton process
Among various ratios of H2O2 and Fe
2+ used for the CF
process, it was seen that at the ratio of 1978:250 (mg:mg),
COD removal and decolorization efficiencies of 51.2% and
52.3% were achieved respectively after 120 minutes of reac-
tion time, which are the highest efficiencies of the CF
process in the present study. There are little differences
between the decolorization and COD removal efficiencies
in all experiments. According to Figures 6 and 7, in spiteFigure 7 Effects of H2O2:Fe
2+ and reaction time on decolorization effiof increasing Fenton reagents concentrations, degradation
rate of organic compounds changes scarcely that might be
due to low concentrations of hydroxyl radical in the solu-
tion. Moreover, the interference of several dyes and addi-
tives in the real wastewater mitigates the efficiency of CF
process. Within all experiments, during first 60 minutes of
the reaction, degradation efficiencies were inconspicuous;
so that COD removal efficiencies were less than 40%. It
seems that this wastewater is a complex matrix of refractory
organic matters [27]. According to Figure 7, the first points
that decolorization efficiencies exceed 50% are attributed to
H2O2:Fe
2+ of 1978:250 and 2472:350 which are achieved
after 120 minutes of reaction time. In fact, it is important
to optimize the ratio of H2O2:Fe
2+. Not only does the ratio
of H2O2:Fe
2+ directly affects the production of •OH in
Fenton’s reaction, but also increasing ferrous ion is related
to the amount of sludge generated from CF process
[28,29]. In the present study, the optimum molar ratio of
H2O2:Fe
2+ for the removal of COD was experimentally
detected as 7.9:1.ciency within CF process (pH = 3).
Figure 8 Comparison of CF and EF efficiencies for the removal of
COD and color and their operational costs; (CF: H2O2 = 1978 mg/L,
Fe2+ = 250 mg/L, reaction time = 120 min) - (EF: H2O2 = 1978 mg/L,
electrical current = 350 mA, reaction time = 60 min).
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Fenton processes
The highest removal efficiencies and operational costs of
the two processes are illustrated in Figure 8. Obviously,
the EF process efficiency was higher than that of the CF
process.
It is also important to consider the experimental condi-
tions in which the processes had their highest efficiencies.
The mentioned conditions for the EF were 350 mA, hydro-
gen peroxide concentration of 1978 mg/L and 60 min reac-
tion time and for the CF process were 250 mg/L Fe2+,
hydrogen peroxide concentration of 1978 mg/L and
120 min reaction time. It is worth to consider that the
maximum removals for both processes were obtained at
the hydrogen peroxide concentration of 1978 mg/L.
Besides, the highest efficiencies for the CF and EF pro-
cesses were gained after 120 and 60 minutes respectively.
Hence, the reaction time to gain the highest efficiency for
the CF process was two times more than that of the EF
process which shows that electrochemical processes can
significantly reduce the reaction time. Apart from process
efficiency, operational costs are also of high concern to
evaluate economical feasibility of the process. EF and CF
processes were also compared based on their operational
costs. In order to economically evaluate the two processes,
there are some parameters to be considered. For the EF
process, total cost is the sum of costs related to electrical
energy consumption, anodic dissolution of iron and
amount of hydrogen peroxide consumed. Electrical energy
consumption was calculated through equation 6:
E ¼ U I t=kg COD ð6Þ
Where E is the electrical energy in kWh/kg removed
COD, U is the applied voltage (volt), I is the electricalcurrent (A) and t is the reaction time (h). Moreover, the-
oretical iron dissolution within the EF cell was calculated
according to the Faraday’s law [30]:
w ¼M I t=n F ð7Þ
Where w is the quantity of iron dissolution from anode
(g), M is the molecular weight of the iron (g/mol), I is the
electrical current (A), t is the reaction time (s), n is the
number of electrons and F is the Faraday constant (F =
96487 C/mol). For the CF process, total cost is merely
attributed to the amounts of chemicals used (hydrogen
peroxide and FeSO4.7H2O). In this way, the calculated
costs for the EF and CF processes were 17.56 and 8.6
US$ per kilogram of the removed COD in Iranian market
in July 2013 respectively. At the same time, it is notable
that the major part of the EF process costs as an electro-
chemical process is allocated to the cost of electrical
energy consumption. In this study, wastewater sample
had negligible electrical conductivity (EC) imposing rela-
tively high resistance to the system which in turn,
increased the required applied voltage. Nevertheless, this
can be overcome by increasing the EC by adding certain
amount of supporting electrolyte. The cost of iron salts
in CF process would be reduced by recycling the Fenton
sludge. Likewise, in order to minimize the cost of EF
process, iron scrap can be used instead of iron sheet as
electrode material.
Conclusions
Electrochemical Fenton and chemical Fenton processes
were compared for the degradation of real high strength
textile wastewater based on decolorization and COD re-
moval. Applying electrochemical Fenton, the best COD
removal and decolorization efficiencies were 70.6% and
72.9% respectively within 350 mA electrical current and
1978 mg/L hydrogen peroxide after 60 minutes. About
chemical Fenton process, the highest COD removal
and decolorization efficiencies were 51.2% and 52.3%
respectively which was achieved in H2O2:Fe
2+ ratio of
1978:250 and 120 minutes reaction time. The results
show that the electrochemical processes enhance chem-
ical Fenton process and increase the removal efficiency.
Last but not least, EF and CF processes were compared
based on their calculated operational costs. Though the
EF process operational cost was about 2 times more
than that of the CF process (17.56 and 8.6 US$ per
kilogram of the removed COD for EF and CF processes);
it provided higher degradation efficiencies within shorter
reaction time. Sludge production and the need for
hydrogen peroxide are drawbacks of the CF and EF
processes. Besides, electrical energy consumption limits
application of EF process economically.
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